The characterisation of mortars prepared according to ancient methods from the colonial period in Mexico is reported. The materials were prepared by mixing limestone, sand, water and an additive (bovine blood, milk or cactus sap) and the compression strength, flexural strength and tensile strength were measured according to ASTM standards and at different aging stages. The technology developed allows, on the one hand, counting with a reliable methodology for restoring ancient buildings, similar to the originally employed, and, on the other to offer a low cost technique for construction by using agricultural by-products.
INTRODUCTION
Preparation of new composite materials has become a very active area of research and development in todays Materials Science and every year new materials are reported for many applications. One interesting area, however, which has only received limited attention, is that of the preservation of ancient composites materials, especially those utilized in works of art. Indeed, composite materials have been employed from ancient times, when adobe, masonry and other construction materials were modified with natural fibres, animal hair, and sand. Besides the historical value of studying ancient technologies, the increasing pressure of devising nonintrusive methods for preserving ancient constructions considered to be treasures of Mankind opens a very attractive area for materials scientists, particularly because the area of art and conservation demands the treatments applied to be as similar as possible to the original technology employed. Accordingly, in this work a study on the preparation and characterisation of mortars, prepared according to ancient recipes, including the use of bovine blood (B), milk (M) and cactus sap (C). In this particular study, mortars were meant for restoring buildings from the XVI century in the Mexican city of Morelia (State of Michoacan), classified officially by UNESCO in World List of Cultural Heritage in the early 1990´s. The colonial buildings in downtown Morelia (around 1,113 of them!) have a distinctive pinkish tone due to the use of ignimbrites, a volcanic material [1] [2] [3] which has been found to be extremely sensitive to environmental degradation due to pollution, water exposure, etc. [4] . Thus, the scientific challenge was to devise a mortar, which resembles, as close as possible, the ancient technologies employed, aiming to restore, repair and preserve those valuable constructions. It is interesting to realize that the colonial inhabitants of Morelia had developed a recycling technology, by which byproducts of their feeding uses, ranging from milk, bovine blood, cotton, natural fibres, wool to eggs and flowers were routinely employed as additives for mortars [5] .
EXPERIMENTAL
Commercial limestone, hydraulic grade, according to Vicat´s classification (Table 1) and sand from a local source, in a 1:2 proportion were employed to produce mortars with the following additives: fresh milk, without pasteurisation nor filtering, in 25, 50 and 75 % volume content (samples M25, M50 and M75, respectively); bovine blood, as obtained from the slaughter of cattle was used in 10, 15 and 20 percentage volume (samples B10, B15 and B20, respectively), and cactus sap, obtained by cooking for 1 hour the cactus leaves and using the resulting gum in 1 kg of cactus for 6 litters of water in the mortar (sample CA) or 0.35 kg of cactus for 6 litters of water (sample CB) according to previous studies [11] . The samples were compared to the witness sample, i.e. the one without additive (T). The sand was checked to fulfil the ASTM standards for production of mortars (Table 2) .
Specimens for mechanical testing were prepared as 5 $670 & follows: 5 cm cubes (compressive strength), prismatic beams 5 x 5 x 20 cm (flexural strength) and bricks 7.5 x 2 x 5 cm (tensile strength), according to the corresponding ASTM standards (Table 3 ) and tested at 7, 14, 21, 28, 45 and 60 days. A 50 Ton Tinius Olsen Universal Testing machine was employed to test 6 specimens of each type of sample. Table 3 summarises the Results of the mechanical characterisation standards. The characteristics of the sand aggregate employed for producing the mortars, according to the ASTM standards are shown in Table 4 . Tables 5 through 7 summarise the Results of the mechanical testing of all the samples.
RESULTS AND DISCUSSION
The Results indicate that the mortars prepared with cactus gum had, generally speaking, the best mechanical performance. However, those prepared with milk had a more elastic behaviour and better long-term performance. For the case of mortars with bovine blood, in spite of their relatively mild mechanical behaviour, the reactivity to the environment was surprisingly good. In any case, all the additives helped to improve the mechanical properties of the mortars, as compared to a simple limestone mortar. This is important because the Mexican standards for historical monuments prohibit the use of Portland cement for restoration works, leading to the search of alternative methods for preparing inexpensive mortars.
CONCLUSION
The results of the present contribution could lead to a fertile new area for advanced composite materials: the development of adequate modern technologies for preserving the cultural heritage. In fact, there is an urgent need of modern criteria for the proper preservation of ancient buildings [12] but, besides the worth of this area of opportunity, by reconsidering some of the ancient methodologies, nowadays out of fashion, one could re-open novel opportunities for developing advanced material, under the light of todays needs and technologies [13] .
